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[57] ABSTRACT 
A lensbarrel includes a vibrating motor which serves as 
a driving source, a rotating member driven by 'the vi- 
brating motor, a bearing mechanism for rotatably sup- 
porting the rotating member, and a urging member for 
urging the rotating member and the roller in a direction 
in which they make contact with each other. The bear- 
ing mechanism includes a roller having an axis which 
lies in a radial direction of an axis of the vibrating mo- 
tor. 

33 Claims, 10 Drawing Sheets 
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LENS BARREL SUMMARY OF THE INVENTION 

An object of the present invention b to provide n lens 
This application b a continuation of application Ser. barrel which incorporates as a bearing a roller rotatable 
No. 07/483.764 filed Feb. 23, 1990 now abandoned. 5 about an axis running fax a radial direction of an axis of 

a motor so as to reduce production cost of the bearing. 
BACKGROUND OF THE INVENTION To this end, the present invention provides a lens 

1 Field of the Invention ' 031X61 which comprises a vibrating motor which is a 

The present invention relates to a lens barrel which driving source, a rotating member driven by the vibrat- 
incorporates a motor such as a vibrating motor. 10 ing motor, a bearing mechanism for rotatably snpport- 

2. Description of the Related Art °»e rotating member, end an urging member tor 

Vibrating motor* which operate on a principle quite urging the rotating member and the rollers snch that 
different from that of conventional electromagnetic they ma^ contact w, A each other The beanngmccha. 
motors have been developed recently, and researches ^ ^^^f^"^*^"**** toC,Mm 
on the practical applications of such vibrating motors in « of an axis of the vibratjng motor. 

various fields have been conducted. Such applications BRIEF DESCRIPTION OF THE DRAWINGS 
^™^*^e^nvTl^a^eL t ^ <leViCC FIG. 1 is a vertical cross^ctional view of the essen- . 

ence symbol M denotes an annular ^bra^g motor no. 3 is a vertical CToss-sectional view of a hollow 

fitted on the omer peripheral rarfw toller 

epical portion la, and a reference mmicral 15 denotes a ^ 4isa vert]ca] cross^ectional view of the essen- 

bearing for sujjjx>rting a rotor of the motor M. tial parts of a lens barrel upon which the present inven- 

The vibrating motor M is composed of an annular tion fa based; 

vibrating member 2 which .is a ring having a^apezoidal 3Q pj G 5 is a vextical cross^ectional view oftheessen- 

. cross-section, an electrostnctive element 2a formed tial parts of a lens barrel, showing a second embodiment 

integrally with the vibrating member 2. an annular rotor of & e prcsent invention; 

3 pressing against the end surface of the vibrating mem- FIG. 6 is a vertical cross-sectional view of the essen- 
ber 2, an annular felt 5 pressing against the end surface ^ pajt$ of a xens barrel, showing a third embodiment 
of the electrostTUJtive element 2a. an annular felt base 6 35 of the present invention; 

to which the felt 5 is fixed, an annular beUevilie spring fig. 7 is a vertical cross-sectional view of the essen- 

4 for pressing the vibrating member 2 toward the end ^ pms of a lens barrel, showing a fourth einbodhnent 
surface of the rotor 3, and so on, ^ of the present invention; 

The bearing IS Is coupled to the rotor 3 with a vibra* FIG. 8 is a vertical cross-sectional view of the cssen* 
tion absorbing member 7 therebetween. The bearing 15 40. tial parts of a lens barrel, showing a filth embodiment of 

is composed of an outer rotating ring 9 having a spheri-. the present invention; 

cal member rolling surface on its inner peripheral sur- FIG. 9 is a vertical cross-sectional view of the essen- 

face, an inner fixed ring lb formed by the distal end tial parts of a lens barrel, showing a sixth embodiment of 

portion of the inner cylindrical portion la of the fixed the present invention; 

cylinder 1* and spherical members 8 disposed between 43 piG- 10 is a vextical cross-sectional view of a power 

the outer rotating ring 9 and the inner fixed ring 16. unit of the lens barrel of FIG. 9; and 

A rotating cylinder 11 having a threaded portion 11a FIG. 11 is a front view of a bearing of the lens barrel 

on an inner peripheral surface thereof is coupled to the of FIG. 9. 

outer rotating ring 9 of the bearing 15, so that the rote- tyrtatt ttt. nTJCOHTPXtft>I «F THE 

tion cylinder can be rotated around an axis Z of the 50 D ^^^n^^SSSS^ 

motor 2 together with the outer rotating ring 9. PREFERRED EMBODIMENTS 

A lens holder 12 for holding a lens L has on an outer A first embodiment of the present invention will now 

peripheral surface thereof a threaded portion 12e» be described below with reference to FIGS. 1 to 3 

. which is in threaded engagement with the threaded wherein the same reference numerals and symbols are 
portion Ho formed on the inner peripheral surface of 55 used to denote parts which are.the same as those of the 

the rotating cylinder 11. In consequence, rotation of the lens barrel shown in FIG. 4, description thereof being 

rotating cylinder 11 moves the lens holder 12 in a direc- omitted. 

tion parallel to the axis Z. A groove 126 is formed on In the first embodiment of the lens barrel, three roller 
the outer peripheral surface of the lens holder 12 paral- supporting shafts 17 protrude from a distal end portion 
lei to the axis Z. A key or rotation suspending member 60 1c of the inner cylindrical portion In of the fixed cylin- 
14, having an L-shaped form and mounted on the fixed der 1 in a radial direction of the axis Z (which corre- 
cylinder 1, is fitted Into the groove 12b in such a manner sponds to an optical axis). A hollow roller 18 is rotat- 
es to be movable relative* to the lens holder 12 in the ably fitted onto each of the roller supporting shafts 17. 
direction of Z. . A rotating member 16, which is coupled to the rotor 3 
The thus-arranged lens barrel shown in FIG. 4 incor- 63 of the vibrating motor 2 with the vibration absorbing 
porates as the motor bearing a spherical bearing mem- member 7 therebetween, is pressed against the outer 
ber 8. Hence, manufacture of the bearing requires trou- peripheral surfaces of the hollow rollers 18 by means of 
blesome work and the production cost thereof is high. the force of the beUeviHe spring 4. 
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A3 Shown in FIG. 2, each of the hollow rollers 18 has threaded portion 110A) of the lens holder 110 parallel to 
an upper flange 18a which is in engagement with a an optical axis Z of the lens.. A lens holder driving arm 
shoulder formed on the rotating member 16. This pre* 114 (or a key) having an L-shaped form is n^ed into 
vents backlash of the rotating member 16 which would the groove llOo from the outer peripheral side of the 
occur in a radial direction during the rotation thereof. 3 fixed cylinder 101 through a through-bole 101A formed 

Each of the roller supporting shafts 17 has flanges at hi the fixed cylinder 101 in such a manner that it is 
head and intermediate portions thereof. The head flange elongated in a circurnfexcntial direction of the fixed 
of the roller supporting shaft 17 prohibits the hollow cylinder 101. The lens holder driving ana 114 is mov- 
roHer 18 from coming off the shaft 17. able m the groove 11(^ relative to the lens holder 110 

In the aforementioned bearing structure incorporate 10 only in a direction parallel to the optical axis Z. 
ing the hollow rollers 18, the rollers 18 route about the The fixed cylinder 101 is a power unit carrier which 
individual roller supporting shafts 17. while making carries on it an annular vibrating motor 103 and a bear- 
rolling contact with the rotating member 16 without ^ device 103 for the motor 102. The fixed cylinder 101 
sliding against the rotating member 16 if the following ^ ont wardly directed flanges 101c and lOlrf on the . 
conditions are satisfied: 15 outer peripheral surface of the two end portions 

thereof, and all the componenta of the vibrating motor 
W^a 102 and those of the bearing device 103 are fixed to the 

^L^^T^AV^^^ 20 Vw** * « "So-* * ****** 

shaft 17. These operations of the rollers are assured -M _ . _ _ t 

t^t^ ^w^hdUbw The vibrating motor 102 is composed of an annular 

^shoWrTFIO. 3. a anaft portion of the hollow vtatfag member 104 having a tapexoidal cross-sec- 
roller 18 (ie^ the portion of the hollow roller 18 which tton. the center of the annular vibrating member 104 
is in contact with the rotating member 16) has an outer - being the optical axis Z, an annujar electrostocnve 
diameter d i and an inner diameter dr It is assumed that element 105 attached to the vibrating member 104, an 
u Sflsuk first rotor monber 106 wliich is in coDtact with 

If F is a force of the bellevflle spring 4, the maximum the end surface of the vibrating member 104, an annular 
torque transmitted when the roller 18 makes rolling 30 second rotor member 108 formed integrally with the 
contact with the rotating member 16 without sliding first rotor member 106 with an annular vibration ab- 
against the routing member 16 is expressed by sorbing member 107 therebetween, the annular spring 

• 109 disposed between the flange lOld of the fixed cyrin- 
d F der 1 and the clectrostrictive element 105 for pressing 

— . 35 . the vibrating member 104 against the first rotor member 

106 and for pushing the second rotor member 108 to a 
limitation of the torque at which no relative rotation . left, as viewed in FIG. 5, and so on. The first rotor 
occurs between the roller 18 and the roller supporting member 106, the vibration absorbing member 107 and 
shaft 17 is expressed by . . the second rotor member 108, in combination, form the 

40 rotor of the motor 102, which rotate around the optical 
miAJt mdtF uidiF axis Z. The second rotor member 108 has at its end 

^2--.Hence,-*~ — > — ; — surface an annular protrusion 108ft which is m contact 

with the outer peripheral surface of a roller 113 of the 
holds. This means that, while the roller 18 is in rolling bearing device 103, which will be described later. The 
contact with the rotating member 16, the roller 18 ro- 45 second rotor member 108 also has an end surface 108c 
tales (slides around) about the roller supporting shaft 17. on: the inner side of the protrusion 108a. to which one 

Furthermore, since a ratio of torque loss when the end of the lens holder driving arm 114 is fixed, 
roller 18 revolves on its own axis to torque loss when The bearing device 103, which is disposed between 
the roller 18 does not revolve on its own axis is the second rotor member 108 and the flange 101c of the 

SO fixed cylinder 101, is composed of a ring-shaped rotat- 
ing member 111 fitted onto the outer peripheral surface 
of the fixed cylinder 101 in such amanncr as to be rotat- 
able around the optical axis Z, roller supporting shafts 
torque loss can be reduced by adequately setting the 112 protruding from the outer peripheral sra^ of the 
outer diameter of the roller 18 with respect to the inner 53 rotating member 111 m a radial direction of the optical 
diameter thereof, axis Z, and hollow rollers 113 rotatably fitted onto the 

A second embodiment of the present invention win individual roller supporting shafts 112. The roller sup- 
be described with reference to FIG. 5. In FIG. 5, a porting shafts 112 are fixedly screwed into the rotating 
reference numeral 101 denotes a fixed cylinder which is member 111 along the circumference thereof at at least 
internally disposed in a lens barrel. The fixed cylinder 60 three points separated from each other by the same 
101 has a threaded portion 101c (Le-, a female helicoid) interval. 

on an inner peripheral surface thereof Inside the fixed The flange 101c of the fixed cylinder 101 has an aunu- 
cylinder 101 is disposed a cyfindrical lens holder 110 lar protrusion lOle whose center is the optical axis Z* 
having a threaded portion 1106 (Le.» a male helicoid) on The protrusion 101* is disposed such that it faces the 
an outer peripheral surface thereof, which is meshed 65 protrusion 108o of the second rotor member 108 of the 
with the threaded portion 101a of the fixed cylinder vibrating motor 102. The protrusion 101* serves as a 
101. A lens L is fixed to the lens holder 110. A groove roller rolling and guiding surface when the rollers 113 
110a is formed in the outer peripheral surface (ix-, in the are rotated around the optical axis Z. 
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Each of the rollers 113 has aflangc 113fl at its head the second rotor member 108, which would occur in a 
portion, the under surface or which is in engagement radial direction when it is rotated. Furthermore, the 
with the outer peripheral surface of the protrusion 108a outer peripheral surface of the roller 213 is m contact 
of the second rotor member 108 and that of the protru- with an end surface 1086' of the protrusion l«wofUie 
aion 101* This prevents bacldash of the second rotor 5 second rotor member 108 and an end surfeceioy ofthe 
member 108. which would occur in a radial direction protrusion lOle of the fixed cylinder 101 (pie end sur- 
during the rotation thereof. Furthermore, the outer faces 108*' and 10 1/ being tapered so that Aey Otto the 
peripheral surface of each of the rollers 113 is in contact outer peripheral sur^ofjach of the f^ers *13), » 
with an end surface 108* of the protrusion 108c of the that the end surface 10W of the protrusion 108a of the 
second rotor member 103 and an end surface lOl/of the 10 second rotor member 108 can be pressed against the 
protrusion 101* of the fixed cylinder 101. so that the end outer peripheral surfaccof each of the rollers »3^and 
surface 108* of tlwprolrttsioa 108a of the seexmd rotor the outer peripheral surface <*J«™^^ OT J*™ 
member 108 can be pressed against the enrter peripheral turn pressed against the end surface 10V of the proton 
sur&ceof each of the rollers 113 and the outer peripb- sion lOle of the fixed cylinder 101 by means of the 
era! surface of the roller 113 can be in turn pressed 15 pressure of the spring 109 incorporated in the yibratmg 
against the end surface 101/of the protrusion 101* of the motor 102, The end surface 10 V « the protrusion lOle 
fired cylmder 101 by means of the force of the spring of the fixed cylmder 101 serves as a reJhng [surface 
109 incorjKirated in the vibrating motor 102. The end along which the rollers 213 are rolled, and the outer 
surface lOlfof the protrusion 101* of the fixed cylmder peripheral surface 101* of the protrusion lOle serves as 
101 serves as a rolling surface along which the rollers 20 a roller guiding surface along whK* the jollcrew 
113 are rolled, and an outer peripheral surface 101* of guided when they are rotated around the optical axis Z. 
the protrusion 101* serves as a roller guiding surface The end surface 10 V* of the protrusion lOleand the 
along which the rollers 113 are rolled when they are end surface 108** of the second rotor member IDS, 
rotated around the optical axis Z. which are in contact with the outer per^eral sm^e 

Next the operation of the mechanism of the second 25 of each of the rollers 213, are mebned so that they fit the 
embodiment win be described with reference to FIG. 5. tapered rollers 213. This enables the rollers 213 to be 

As a motor driving signal is applied to the electro- rotated on their own axes (te^ the axes of the roller 
strictive element 105 of the vibrating motor 102, the supporting shafts 112) in a radial direction relative to 
electrostrictive element 105 generates in the vibrating the optical axis Z. . 

member 104 vibrations which propagate in a circmnfer- 30 FIG. 8 shows a fifth embodiment of the present ta- 
rTTt H direction thereof, resulting in the rotation of the vention, which differs from the fourth embodiment m 
rotor, which is composed of the first and second rotor that the lens holder driving arm 114 is mounted on the 
members 106 and 108, around the optical axis Z. As a rotating member 111. . ^ 

result, the lens holder driving arm 114 fixed m the sec- ' As will be understood from the foregoing descnp- 
ond rotor member 108 is rotated together with the sec- 33 tion, the aforementioned embodiments include a roDcr 
and rotor member 108, rotating and moving the lens bearing which can be manumctured at a low cost than a., 
holder 110 along the optical axis Z for focusing the lens. spherical bearing. , 

As the second rotor member 108 Is rotated around the Furthermore, the roller carrying member is made 
optical axis Z, the rollers 113 are subjected to torque rotatable about the axis of the motor so as to rirminfttft 
with which they are rotated around the roller support- 40 sliding friction between the rollers and the individual 
ing shafts 112 and a driving farce with which they are roller supporting shafts. Consequently, fractional loss as 
rotated in the direction of rotation of the rotor member well as production cost can be reduced. ^ ■ 

108 due to the friction between the rollers 113 and the Furthermore, each of the rollers has a tapered penpb- 
end surface 108* of the rotor member 108, and are thus cry, and the rotor end surface and the roller rolling 
rotated about the roller supporting shafts 112 and, at the 45 surf ace. which are in contact with the outer penpheral 
same time, arc rolled along the end surface lOVof the - surfaces of the roHerK are inclined so that they fit the 
protrusion 10U of the fixed cylmder 101 in the kmgitu- tapered peripheries of the rollers. Conseque ntly, n o 
dinal direction of the end surface lOtf In consequence, sliding occurs between the rollers and the rotating 
the rotating member 111 is also subjected to torque with * member (including the rotor end surface) which aye m 
which it is rotated around the optical axis Z through the SO contact with the rollers, and eccentric vibrations of the 
rollers 113 and the roller supporting shafts 112, and is motor can be eliminated . These enable ah effective 
thus rotated around the optical axis Z. power of the motor for the lens barrel to be increased. 

FIG, 6 shows a third embodiment of the present Furthermore, since the rollers (rollers 18, 113, 213 m 
Invention. This embodiment differs from that shown in the embodiments) and the end surface of the rotating 
FIG. 5 only in that the lens holder driving arm 114 is SS member or the end surface of the rotor (which is the end 
mounted on the routing member 111, descripti on of the surface of the protrusion 108a of the second rotor mem- 
structure and of the operation thereof being omitted. bcrin the embodiments) are pressed against each other 
Next a fourth embodiment of the present invention by the force of the spring (the spring 4, 109 in the cm- 
will be described with reference to FIG, 7. This em- bodiments) incorporated in the motor, frictions! loss of 
bodhnent differs from the second embodiment in that 60 the roller bearing can be reduced. In other words, in the 
the rollers have a different form. aforementioned embodiments, frictional loss of the rol- 

F^k of rollers 213 has a flange 213a at an head por- ler bearing can be reduced by utilizing the force of the 
tion thereof, and is tapered with the diameter of the spring incorporated in the vibrating motor without 
head portion thereof being larger than that of the other mcc*porating a separate spring, 
end thereof. Hie under surface of the flange 213a is in 65 Furthermore, the rollers are disposed in a radial area 
engagement with the outer peripheral surface of the substantially the same as the area of the hollow vibrat* 
protraaon 108a of the second rotor member 108 and ing motor (te^ the area which is moved paralia tothe 
that of the protrusion lOle, This prevents backlash of optical axis from the area of the vibrating motor). Con- 
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seouentlv soace in the lens barrel can be utilized effec- part of the rotor of the vibrating motor 226, a rubber 
Jr^andEe^orth. rollers having axes in the radial ring 214 for preventing axW vftrations from bemg 
direction does not increase the outer diameter of the transmitted to the rotary cylinder 213, anjmnolar crr- 
Wterel cumferentially movable member 215, a vibration mem- 

It is not necessary for the roller rolling surface of Jhe 3 ber rotation suspending member 216, fitted into the ey- 
rollers to be formed in a cylindrical form but it may be lindrical member 202 at one end thereof, the .member 
formed as a member which is rotable about the optical 216 having a protrusion 216a on tu jouter peripheral 

edge which- Is fitted into a groove 206a formed in the . 
"^Ncxt, a sixth embodiment of (be present Invention vibrating member 206, and other components. _ 
wfflbeaescribed below with reference to FIGS. 9 to 11 . . 10 The rotary cylinder 213. the rubber ^e^"*** 
Referring first to FIGS. 9 and 10. a lens barrel in- drcumferentiaDy mo^ejnanber 213 m comlmnmcm 
cludoToutcr cylinder 201, . fixed cylinder 203 com- form the rotor oT the v»>ratmg motor ^JJ**** 
Swm^cylmder 1x^20^ disposed in front rotated around the opUcal o«s ^J^*"* 1 ***™ 
o^ outer cvlmder 201. an inner cylmacrportion 203A generated in the vtbraWg mendw 206 and propagatmg 
disposed on an inner side of the outer cylinder 201, and 15 In the circumferential dtrectWDthereofc 
a hehooid formed portion 203c disposed on an inner side The elastic force of Uic bdlevfflc «£. 
of Se^^nder portion ZO^Tlens bolder 205 hence, the pressure at which ti» yflmitfa« member2M 
mreadingry engaged with a hcDcold 203J formed on the is brought to™™***?™^* 11 ^"^^^ 
inner pcr^eralsWface of the helicoid formed portion able member 215 justed by mcaia of the^21i 
2^ofSllxed cylinder 203,a lens Infixed to the lens 20 The pressure at wmch roller* 218. which wM I be de- 
holder 205, and a manually operated ring 204 fitted into scribed later, the manuaDy operated force faputtmgjd^ 
ac^mferential groove formed in the outer peripheral 217 and the rotary cylinder 2U are brought into contact 
suS tftbe outercyllnder portion 203a ofthe fixed with each other is also adjusted by means ofthenut 212. 
cXder 203 and • circumfeicBtU groove formed in the The bearing 227, which is disposed adjacent to the 
omex Peripheral surface of the outer cylinder 201 In 25 end surface of the rc4«y cylmder 213<^the«*tM)of 
such Banner as to be rotatable about the central axis Z the vibrating motor 226. is cornppsed ofa rmg 220 
ofSelens L (i.e., the optical axis). The lens holder 205 rotatably fitted onto.the 'OUtexperfpbeial surface of the 
includes a through-bole 205a extending in the radial cylindrical member 202, rolta rom^ortmy shafts 219 
direction ofthe optical axis, and a lens holder driving fixed to the circumference tf the rmg 220 at least at 
aim 212, which wffl be described later, is inserted into 30 three points thereof in such a manner thst diey protrude 
the through-hole 205a in such a manner that part of the from the outer periphend I surface of the nng 220 along 
arm mfc parallel to the optical axis Z and as to be the axes which run radially from and perpendicular to 
shdable relative to the lens holder 205 only in the cir- the axis Z (the axis of the vibrating motor) ctf toe ng 
cumferenthu direction ofthe lens L. 220, and. hollow rollers 210 rotatibly fitted, onto the 

In an annular space formed between the outer cyhn- 35 individual roller supporting shafts 21?, as shown m 
der 201 and the inner cylinder portion 2036 of the fixed FIGS. 10 and 11. ... . . 

cylinder 203 are disposed a cylindrical drive generating The ring 220 serves as an output shaft of the drtve 
unit 22? such as mat shown in FIG. 10. and a cylindrical generating unit 225, and the l^haped toying arm 2Z2 
member 202. which serves as a frame or a base of the for rotatably driving the lensjiolder 205 w secured to 
drive generating unit 225. The cylindrical member 202 40 the end surface of the nng 220 by means of avis 234. 
mcludes a flange portion 202* which is detachably Each of the rollers 218 has a head flange wmch 
secured to a flange portion 203* of the fixed cylinder is in engagement with the ^J^^™,™ 6 !™ 

203 by means ofavisi 223. the rotary cylinder 213 and the outer penpheral surface 
, As shown in FIO. 10, the cylindrical member 202 of the ring 217* by means of the roller 218 prevents 
mounts on its outer peripheral surface all the compo- 45 backlash of the rotary cylinder 213 and ofthe ring 217. 
nents of a vibrating motor 226, a bearing 227 which is in which would occur during ^J"^*?*^" ^ 
coniact with a rotor of the vibrating motor 226, and a radial direction. Also, the outer peripheral surface of 
manually operated force inputting ring 217 through the head, flange 2Ma ***°^^*^J™^ 
whichrotational torque of the manually operated ring of the rotary |*«^ ^j^^^ 

204 is innuL 50 pressure at which the rollers 218 make contact witt tte 
The components ofthe vibrating motor 226 and the end surface of the rotary cylinder 213 is adjusted by 

structure ofthe bearing 227 will be described in detail means ofthe annular belleville spring 208 ! and theanmi- 
below lar nut 212 which are the components of the vibrating 

The vibrating motor 226 is composed of an annular motor 226. i™^.., j„„ *n 5. 

vibrating member 206 having a trapezoidal cross-sec- 55 The manually operated force mputting ring Z17 is 
tion. an electrostrictive element 207 physically attached rotatably fitted to the cylindrical member 201 in a state 
to one end surface of the vibrating member 206, an where it is fa contact with the outer peripheral suithces 
annular vibration absorbing member 210 which may be of the rollers 218j»tone erf thereof X^enght 
formed of a felt and which is pressed against the surface end surface as viewed m FIGS. 9 and 10) andwhere it 
of the electrostrictive element 207, an annular spacer 60 is in contact with a iricnon washer 221 at the other end 
209 disposed in contact with one end surface of the surface thereof. The outer peripheral edge portion of 
vftratknV absorbing member 210. an annular belleville the ring 217 fa m engagement with a recess formed m 
sprin«208 for urging the spacer 209 toward the vihrat- the inner peripheral jarfceeof the manua^ <>poated 
tag^eSber iSfa? aonXrnut 212 threading* cn- ring 204. by means ofwhichjhe ring 217 is «««edby 
Rased with a threaded portion 202fr formed on the outer 65 the manually operated nng 204. The nng 217 rotates 
Spheral surface of the cylindrical member 202. an only when thetorquc tninanitted from Jhe manually 
SaTwasher 211 disposed between the nut 212 and operated rfag 2W* higher Aan the frfctional resistance 
the belleville spring 208% rotary cylinder 213 which is between the friction washer 221 and the rmg 217. 
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Hence; the ring 217 remains unrotated unless a user of (Jl) When a failure of the vibrating motor is discov- 

the lens barrel operates the manually operated ring 204 ered in the test which is conducted after the vihrat* 

with a rotational torque which overcomes the frictional ing motor has been incorporated in the lens barrel, 

resistance between the ring 217 and the friction washer the vibrating motor can be readily removed from 

221. 5 thelensharrel withemt removmg the bearing. Fur* 

The lens holder driving arm 222, which is secured to thermore, the motor and the bearing can be readily 

the ring 220 by means of the vises 224, extends through inspected and repaired or replaced whh a new one. 

a hole 20V formed m the cylindrical member 202 and a (iii) Assembly of the drive generating unit and that of 

hole 205a formed in the inner cylinder portion 203d of the lens barrel can be separated* thereby improving 

the fixed cylinder 203, into the interior of the inner 10 the efficiency of the assembly of the lens barrel 

cylinder portion 2036 and then into the groove 205a in greatly and reducing the production cost of the 

the lens holder 205. The bote 20V formed in the cybn- lensbarreL 

drical member 202 and the hole 203/fonned in the inner (xv) The porportion of non-conforxning articles can be 
cylinder portion 2036 of the fixed cylinder 203 are reduced, thereby achieving reduction in the pro- 
groove-like boles extending in the circumferential di- 15. . duction cost. 

rection. (v) Since the bearing incorporated in the unit is a 
Next, the operation of the lens barrel arranged in the roller bearing whose axes extend in the direction 
manner described above win be described. perpendicular to the optical axis, the vibrating 
As the user of the lens barrel operates a focusing . motor can be readily formed as one unit at a low 
. switch (not shown) and thereby drives the lens holder 20 cost, 
205 using the force of the vibrating motor 226, a voltage (vi) Since the unit including the vibrating motor and 
is applied to the dectrostrictive element 207 by the bearing includes an output member through which 
operation of a control circuit (not shown), thereby gen* the rotary output of the motor is transmitted to a 
crating in the vibrating membrr 226 vibrations which lens group, and an input member through which a 
propagate in the circumferential direction thereof. Vi- 25 manual operation is input, do adjustment is re- 
brations of the vibrating member 206 cause the rotor of quired after the components have^ been mcorpo- 
the motor comprising the rotary cylinder 213, the rub* rated into the unit. Furthermore, since the output 
ber ring 214 and the circumferentially movable member member can be secured to Ac cylindrical member 
215 to rotate about the optical axis Z. As the rotor separately, a highly effective vibrating motor unit 
rotates, the hollow rollers 218 of the bearing 227 receive 30 can be provided- 
rotational torque from the rotary cylinder 213. How* What is claimed is: 
ever, at that time, since the manually operated ring 204 1. A lens barrel comprising: 

is not in operation and nence the ring 217 is not rotated, a driving source including a vibrating motor having 

the rollers 218 roll along the end surface of the ring 217 an axis of rotation; 

while rotating about the individual roller supporting 35 a rotating member driven by said vibrating motor; 

shafts 219, thereby rotating the ring 220 about the opti- a bearing mechanism for rotatably supporting said 

* cal axis Z through the roller supporting shafts 219. As a rotating member, said bearing mechanism includ* 

result, the lens holder driving arm 222 is pivoted about tng a roller mat rotates about an axis which extends 

the optical axis Z together with the ring 220, and the in a radial- direction of the rotational axis of said 

lens holder 205 is thereby rotated about the optical axis 40 vibrating motor; and 

Z and moved in the axial direction thereof for auto urging means for urging said rotating member and 

focusing. said roller in a direction to contact each other. 

When the user of the lens barrel intends to manually 2. A lens barrel according to claim 1, wherein said 

drive the lens holder 205 without using the force of the bearing mechanism comprises hollow rollers which are 

vibrating motor 226, he or she rotates the manually 45 rotatably supported on roller supporting sh afts a nd 

operated ring 204 about the optical axis Z without oper- which are disposed at at least three paints on a carcum- 

ating the focusing switch. This causes the ring 217 to ference of a circle whose center is on said axis of said 

rotate about the optical axis Z over the fnctional reris- vibrating motor. 

tance between the ring 217 and the friction washer 221. 3. A lens barrel according to claim 1, wherein said 

However, since the vibrating motor 226 is not in opera- 50 roller has a tapered outer periphery, 

uon and hence the rotor of the motor is stationary at 4. A lens barrel according to claim 1, wherein said 

that time; the rollers 218 roll along the end surface of roller includes a flange, and wherein said rotating mem- 

the rotary cylinder 213 while rotating about the roller ber includes a shoulder which bears against said flange 

supporting shafts. As a result, the ring 220 is rotated to prevent radial backlash of said rotating member, 

about the optical axis Z through the roller supporting 55 • 5. A lens barrel according to claim 1, wherein said 

shafts 219, and the lens holder 205 is thereby rotated and vibrating motor is a hollow vibrating motor which is 

moved in the axial direction of the lens through the rotatable about an op tica! axis, and wherein said hollow 

driving arm 222 for manual focusing. vibrating motor and said roller are disposed at radial 

As will be clear from the foregoing description* in the distance* from the optical axis that are substantially the 
sixth embodiment, the bearing 227 for rotatably sup- GO same. 

porting the rotor of the vibrating motor is formed inte* 6. A lens barrel according to claim 5, further compris* 

grally with the vibrating motor 226 as one unit mounted ing a lens which is moved in a direction paralM to the 

on the common cylindrical member 202* that can be optical axis for focusing by the driving of a lens moving 

readily mounted in and removed from the lens barrel mechanism which is caused by the rotation of said rotat* 
This configuration of the sixth embodiment provides 65 ing member* 

" the following advantages in that: 7. A lens barrel according to claim 6, wherein said 

(f) The vibrating motor can be tested before it is in- lens moving mechanism is driven by said rotating mem* 

corporated in the lens barrcL ber which is in contact with said roller. 



2004 07/08 14:47 FAX 03 3201 0368 



-* MORGAN & FINNEGA @039 



11 



5,335,115 



12 



8. A lens barrel according to claim 6, wherein said 
lens moving mechanism is driven by a second rotating 
member which is formed integrally with said rotating 
member* * 

9. A lens barrel comprising: , . 
a driving source including a vibrating motor having a 

vibrating member, a vibrated member, and an axis 
of rotation, said vibrating motor including an 
urging means for pressing the vibrating member 
against the vibrated member; 
a rotating member driven by said vibrating motor; 

and . . 

a bearing mechanism for rotatably supporting said 
routing member, said bearing mechanism taclud- 
ing A roller that rotates about an axis which extends 
In a radial direction of the rotational axis of said 
vibrating motor, 

wherein said rotating member and said roller are 
urged by said urging means in a direction to ^ 
contact each other* ■ . . 

10. a lens barrel according to claim 9, wherein said 
bearing mechanism comprises hollow rollers which arc 
rotatably supported on roller supporting shafts and 
which are disposed at at least three points on a arcum- ^ 
ference of a circle whose center is on said axis of said, 
vibrating motor. „ _ « « . A 

11. A lens barrel according to claim 9, wherein said 
roller has a tapered outer periphery* 

12. A lens barrel according to claim 9, wherem said 3d 
roller includes a flange, and wherein said rotating mem- 
ber includes a shoulder which bears against said flange 
to prevent radial backlash of said rotating member. 

13. A lens barrel according to claim 9, wherein said 
vibrating motor is a hollow vibrating motor which is 35 
rotatable about an optical axis, and wherein said hollow 
vibrating motor and said roller are disposed at radial 
distances from the optical axis that arc substantially the 

**14 A lens barrel according to claim 13, further com- 40 
prising a lens which is moved in a direction parallel to 
the optical axis for focusing by the driving of a lens 
moving mechanism which is caused by the rotation of 
said rotating member. 

15. A lens barrel according to claim 14, wherein said 45 
lens moving mechanism is driven by said rotating mem- 
ber which is in contact with said roller. 

16. A lens barrel according to claim 14, wherein said 
lens moving mechanism is driven by a second rotating 
member which is formed integrally with said rotating 50 
member. 

17- A lens barrel comprising: 

a driving source including a motor having an axis of . 
rotation; 

a rotating member driven by said motor; 55 
a bearing mechanism for rotatably supporting said 
rotating member, said bearing m echanism includ- 
ing a roller that rotates about an axis which extends 
in a radial direction of the rotational axis of said 
motor; and 60 
urging means for urging said rotating member and 

said roller in a direction to contact each other. 
IS, A lens barrel according to claim 17, wherein said 
bearing mechanism comprises hollow rollers which are 
rotatably supported on roller supporting shafts and 65 
which are disposed at at least three points on a circum- 
ference of a circle whose center on said axis of said 
motor. 



19. A lens barrel according to claim 17, wherein said 
roller has a tapered outer periphery. 

20. A lens barrel according to claim 17, wherein said 
roller inchidw a flange, and wherein said rotating mem- 
ber includes a shoulder which bears against said flange 
to prevent radial backlash of said rotating member. 

21. A lens barrel according to claim 17, wherem said 
motor is a hollow motor which is rotatable about an 
optical axis, and wherem said hollow motor and said 
roller are disposed at radial distances from the optical 
axis that are substantially the same, 

22. A lens barrel comprising: . 
a driving source including a vibrating motor having 

an axis of rotation; 
a rotating member driven by said vibrating motor; 
a bearing mechanism for rotatably supporting said 
rotating member, said bearing mrrhanism inclttd- 
ing a roller that rotates about an axis which extends 
in a radial direction of the rotatic^ axis c£ said 
• vibrating motor; and _ - . 

a holder member for holding said vibrating motor, 
said rotating member and said bearing mechanism 
as one unit. 

23. A lens barrel according to claim 22, wherem said 
bearing mechanism comprises hollow rollers which are 
rotatably supported on roller supporting shafts and 
which are disposed at at least three points on a circum- 
ference of a circle whose center is on said axis of said 
vibrating motor. . 

. 24w A lens barrel according to claim 22, wherein said 
roller includes a flange, and wherem said rotating mem- 
ber includes a shoulder which bears against said flange 
to prevent radial backlash of said rotating member. 

25. A lens barrel according to claim 22, wherein said 
vibrating motor is a hollow vibrating motor which is 
rotatable about an optical axis, and wherem said hollow 
vibrating motor and said roller are disposed at radial 
distances from the optical axis that are substantially the 
same. 

26. A lens barrel according to claim 22, wherein said 
holding member is detachably fixed to a fixed cyfinder 
of said lens barrel . 

27. A lens barrel according to claim 26, wherein said 
holding member is shaped into a cylmdrical form. 

28. A lens barrel according to claim 22, wher em sa id 
holding member further incorporates a rotation output 
member' used to move a lens group, and a rotation input 
means for receiving rotation of a manually operated 

29. A lens barrel according to claim 22, w herein s aid 
vibrating motor includes a urging means to pressing a 
vibrating member against a vibrated xnember, and 
wherem said rotating member and said roller are urged 
by said urging means m a direction m which Uiey mate 
contact with each other. 

30. A lens barrel comprising: 
a driving source including a vibrating motor bavmg 

an axis of rotation; _ 

a rotating member driven by' said vibrating motor; 
a bearing mtrhahtam for rotatably supporting said 
rotating member, said bearing mechaito mclud- 
ing a roller having a roller supporting shaft which 
extends in a radial direction of the 10 tatkraal am of 
said vibrating motor; and 
urging means for urging said rotating niember and 
said roller in a direction to contact each other. 

31. A lens barrel comprising: 
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a driving source including a vibrating motor having a 
vibrating member, a vibrated member, and an axis 
of rotation* said vibrating motor including an 
urging means for pressing the vibrating member 
against the vibrated member; 5 

a rotating member driven by said vibrating motor; 
and 

a bearing mechanism for rotatably supporting said 
rotating member, said bearing mechanism includV 1Q 
ing a roller having a roller supporting shaft which 
extends in a radial direction of the rotational axis of 
said vibrating motor, 

wherein said rotating member and said roller are 
urged by said urging means in a direction to 15 
contact each other. 

32. A lens barrel comprising: 

a driving source including a motor having an axis of 
rotation; 

a rotating member driven by said motor; 20 



a bearing mechanism for rotatably supporting said 
rotating member, said bearing mechanism includ- 
ing a roller having a roller supporting shaft which 
extends in a radial direction of the rotational axis of 
said motor; and 

urging means for urging said rotating member and 
said roller in a direction to contact each other. 

33. A lens barrel comprising: 

a driving source including a vibrating motor having 
an axis of rotation; 

a rotating member driven by said vibrating motor; 

a bearing mechanism for rotatably supporting said 
rotating member, said bearing mechanism includ- 
ing ft roller having a roller supporting shaft wrach 
extends in a radial direction of the rotational axis of 
said vibrating motor; and 

a holder member for holding said vibrating motor, 
said rotating member aw< * said bearing mechanism 
as one unit. 
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